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The study by Chiale et al. (1) that appeared in the March I
issue of the Journal reports interesting observations in a 
group of IO patients in whom bundle branch block was 
present during normal sinus rhythm at cycle lengths ranging 
from 500 to 1,490 ms. Phase 3 (tachycardia-dependent) block 
(l-5) occurs when an acceleration f the heart rate produces 
conduction failure due to “early” refractoriness. In the 
patients of Chiale et al., tachycardia-dependent blockwas 
considered to exist because the conduction defect disap 
peared and normal conduction was restored when the cycle 
length was prolonged indifferent patients from 620 to 5,160 
ms by carotid massage or the Valsalva maneuver. In four 
patients, further slowing to cycle lengths of 1,190 to 4,390 ms 
caused reappearance of the bundle branch block (phase 4; 
bradycardia-dependent block) (l-6). To investigate possible 
mechanisms of the two kinds of rate-dependent block, 
Chiale et al. administered procainamide, assuming that it 
would worsen conduction defects mediated by sodium- 
dependent activity, and verapamil, which might worsen 
calcium-dependent slow response activity. The depressant 
effects observed after procainamide and the minimal effects 
of verapamil convinced the authors that “clinical cases of 
phase 3 and phase 4 bundle branch block are related to 
depressed fast responses and not to slow calcium-mediated 
responses” (I). 
Phase 3 (tachycardia=dependent) block: how can refracto- 
riness last so long? Chiale et al. (1) attribute tachycardia- 
dependent (phase 3) bundle branch block to “an abnormal 
prolongation f refractoriness. . . .” If that view is correct, 
then the abnormally conducting tissue must have lost its 
ability to modulate refractoriness over a relatively normal 
range of heart rates. Other mechanisms that could be in- 
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vc-lved in producing phase 3 block include rate-dependent 
accumulation f extracellular potassium (7), which can re- 
duce excitability, and rate-dependent changes inthe passive 
membrane properties that influence xcitation and conduc- 
tion (8). Action potentials with depressed upstrokes (low 
amplitude and low maximal rate of rise) propagate slowly 
and with a low “safety factor.‘* In injured tissue, both the 
degree and extent of injury may vary over the course of a 
fiber (9,10), some consequences of which include alterations 
in cable properties (IO), failure of conduction i areas where 
summation had previously allowed conduction (9,lO) an 
breaks in the syncytium (11.12) causing less efficient aniso- 
tropic onduction (13,14) (which may be even less efficient in 
aged patients [ 121 such as those in the study of Chiale et al. 
[I]). In injured and partially depolarized Purkinje fibers 
(10,15,16), slow conduction and block may impair propaga- 
tion. Ischemia ;rd changes in the ionic milieu may disrupt 
electrotonic spread of excitation (3,lO) or favor the develop- 
ment of “slow responses” that have prolonged refractori- 
ness. 
Even if a wave front is able to propagate for some 
distance, it may still encounter remarkable degrees of re- 
fiactoriness. Under certain conditions, action potentials 
may fail to repolarize completely so that the membrane 
potential remains relatively positive. Therefore, subsequent 
excitation occurs at a level of potential that partially inacti- 
vates the fast sodium channels, thereby leading to depressed 
conduction orblock (10.17). Failure of repolarization can be 
brief or can at times extend to as long as 10 min. In an 
analogous fashion, premature extrastimuli may cause low 
amplitude sustained rhythmic activity (101, which even 
though not capable of propagation beyond the local cell or 
region, can block conduction of impulses originating else- 
where. In addition, oscillatory changes inconduction, action 
potential duration and refractoriness (l&19) may explain the 
overlap and hysteresis effects (20) observed in the zones of 
abnormal (9) conduction and block. Finally, delayed epo- 
larization ofdistal fibers may produce an electrotonic spread 
that retards repolarization in proximal fibers (3), increasing 
the likelihood of block in response to a premature beat. 
channds. The aut 
terenol or digitalis) and can be i~bibited by drugs that 
depress diastolic depolarization (lidocaine). 
Alternative ex~la~zatia~s exist for phase 4 h/o& orzd one 
of these was the stimulus for the 
Conduction block may occur as the r 
cnanges in the excitability of slow res 
evoked by diastolic depoiarizat~oas. P 
then be due to lack of development of d 
tions that are large enough to reach thres 
stimulation (22,23). 0th 
that phase 4 depolarizat can facilitate rather than retard 
propagation across a de ssed segment of Purkinje fibers 
and that phase 4 block can occur without partial depolariza- 
tion or abnormally prolonged action potentials. Tachycardia- 
and bradycardia-dependent block were attributed to time- 
dependent variations in the excitability and amplitude of 
slow responses in depolarized conducting fibers. Those 
variations were attributed to regulation of the slow inward 
current by the variations in the intrace9lular calcium concen- 
tration. If the slow inward current is indeed responsible for 
bradycardia- and tachycardia-dependent block, Chiale et al. 
(1) reasoned tha? verapamil, but not procainamide, should 
prolong the zones of block in patients showing intermittent 
disturbances. 
Chiale et al. (9) point out that in vitro models in which 
rate-dependent block has been investigated often employ a 
segment in which conduction is deliberately depressed by 
creating abnormal conditions. Thus, whereas patients with 
intermittent bundle branch block show normal conduction 
when the heart rate is in a particular range, the in vitro 
in vitro motels to rate- 
study of Chiale et 01. 
ct of verapamil on either phase 3
slow response as a major 
owever, only one dose of 
ssible that a higher dose 
for the normal ra 
stroke, but also s taneous diastolic 
more negative levels of potential 
propagation will depend on the extent to which hyperpolar- 
ization induced by the drug offsets the inhibitory effect of the 
drug on the sodium channels that generate the upstroke. 
Presumably, in the four patients who had bradycardia- 
dependent block under control conditions, the inhibitory 
eFect of procainamide must have predominated because 
none of the patients showed relief of the b9ock after treat- 
ment with procainamide. On the other hand, bradycardia- 
dependent block was observed in all four patients during 
carotid sinus stimulation, a mant’uver that increases vaga9 
tone. If anything, acetylcholine released by vagal stimulation 
“should” suppress spontaneous diastolic depolarization and 
enhance conduction (27), thereby inhibiting the development 
of bradycardia-dependent (phase 4) block. 
During clinical electrophysio- 
9ogic studies, tachycardia-dependent block is encountered 
more frequently than bradycardia-dependent block (l-6,20). 
This is most often recognized in response to spontaneous 
rate changes or premature beats or with rate-incremental 
atrial pacing or extrastimuli (20,2g-33) although determina- 
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tion of fascicuhu refractory periods is ofte; prevented by 
longer atria1 or nodal refractoriness (34). Although firm right 
and left carotid sinus massage is performed routinely during 
electrop~ysiologjc studies, it is distinctly uncommon to 
encounter patients whose preexisting bundle branch block 
disappears. Even less frequent is the reappearance of bundle 
branch block, partly because the pauses achieved may not 
be long enough to identify the zone of bradycardia- 
dependent block. Nevertheless, clinical series have been 
reported (l-6). The ultimate form of rate-dependent block is 
paroxysmal atrioventricular (AV) block (2,6,33) initiated by 
sinus slowing, or a premature beat followed by a pause 
longer than the basic cycle length and characterized by an 
abrupt loss of conduction that may persist for several 
seconds to minutes, precipitating a clinical crisis. 
Clinical eIee studies (28-33). Tachycardia- 
dependent bloc with prolonged bundle branch 
refractory periods, as assessed by the extrastimulus tech- 
nique. In two patients with clinical paroxysmal AV block 
(33). electrophysiologic studies in the supine position failed 
to reproduce the block. With upright tilt, prolonged block at 
the His-ventricular (HV) level occurred on cessation of nkpid 
atria1 pacing. In one of these subjects, block occurred only 
after the postpacing pause and was attributed to bradycar- 
dia-dependent block perhaps related to enhanced phase 4 
depolarization due to autonomic changes caused by upright 
tilt. In the second subject, atrial pacing during tilt (but not 
while supine) produced intermittent HV block that became 
complete on cessation of pacing; this was attributed to 
fatigue. 
Termination of paroxysmal AV block may require a 
venfricular escape (31) or stimulus (33), or an atrial extra- 
stimulus falling within the normal conduction zone if sinus 
bradycardia exists during the period of block (31). Antero- 
grade and retrograde responses may differ: one reported 
patient (30) had HV block at atrial pacing cycle lengths of 
700 ms and shorter, but ventricular pacing resulted in 
maintenance of ventriculoatrial conduction over the normal 
pathway to cycle lengths as low as 400 ms. The authors (30) 
theorized that their observations were best explained by the 
slow response hypothesis O&24,25) but they did not admin- 
ister pharmacologic probes. Another patient with bradycar- 
dia-dependent block (29) was able to conduct at rates to 150 
min whereupon block at the nodal level occurred; atrial 
extrastimuli resulted in block at the HV level, but only after 
prolongation of the H,HI interval to longer than 54~ ms at a 
drive cycle length of 500 ms, so that this too represented a 
braclycardia-dependent response. 
of~tiarrhYthI& drugs. In experimental prepara- 
tions involving injured Purkinje and myocardial fibers, qui- 
nidine, procainamide and lidocaine prolong refractoriness, 
suppress automati& and depress the upstroke velocity 
(dV/dt) of the action potential. At doses that do not abolish 
automat%’ (35,361, block may be due to depression of 
maximal dV/dt, with consequent failure of impulse propaga- 
tion, at the Purkinje-muscle junction, for example (34). 
Available information regarding the effects of verapamil or 
other slow channel antagonists in such preparations is not 
definitive with respect to the issues of phase 3 and phase 4 
block (10,15,37-40). 
Clinically, high therapeutic doses of procainamide or 
lidocaine rarely produce complete block even in patients 
with preexisting bundle branch block except in the presence 
of a history of syncope or documented spontaneous block 
(41-43). 
Conelusions. The study of Chiale et al. (I) provides 
indirect evidence that tachycardia-dependent block is prob- 
ably related to an alteration in the refractoriness of the 
diseased fascicle and that the abnormal refractoriness is 
made worse by procainamide. The mechanism responsible 
for bradycardia-dependent block is less clear but does not 
appear to involve calcium-dependent slow responses, as 
judged by the lack of effect of verapamil. It is possible that 
verapamil’s effect is not specific under the clinical conditions 
presented but both clinical and experimental evidence is 
lacking. In practice, patients with spontaneous tachycardia- 
or bradycardia-dependent AV block, more common types of 
AV block or syncope in the prese’,ce of bundle branch block 
should not be treated with agents such as procainamide. 
These agents should be used cautiously in other patients 
with evidence of His-Purkinje disease, perhaps onl] after 
Hoiter monitoring, as well as bedside carotid sinus stimula- 
tion and Valsalva’s maneuver, as escribed by Chiale et al. 
(1). 
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